Background: Novice runners are at significantly greater risk of running-related injuries than experienced recreational runners. To develop prevention strategies for this population, it is important to identify predisposing factors that contribute to the incidence of these injuries. This study aims to assess the relationship between running-related injuries, foot posture and other factors in novice runners. Methods: Case-control study in 600 novice runners, classified as cases or controls based on incidence of runningrelated injuries. Participants' foot posture was measured using the Foot Posture Index, and we performed a descriptive analysis of the explanatory variables, comparing cases and controls. To assess the association between the injury and the presence of exposure and other explanatory variables, we performed a simple logistic regression for each variable and then fit a multivariable regression model. Findings: Our regression model showed that high supination was associated with 76.8 times higher odds of injury than a neutral Foot Posture Index score (P < 0.001). High pronation was associated with 20-fold higher odds of injury than neutral foot posture (P < 0.001). Other variables such as running surface, number of shoes used, and body mass index were also associated with injury. The model showed an acceptable predictive capacity, with an area under the ROC curve of 0.7753. Interpretation: If the association between Foot Posture Index and running-related injury is confirmed in large prospective studies, running programs for beginners should consider foot posture in efforts to prevent runningrelated injuries.
Introduction
Running has long been one of the most popular recreational sports worldwide (Janssen et al., 2017) , and in recent years the number of runners has only increased. However, this sport is not free of risk; according to one systematic review by van Gent et al. (2007) , the incidence of lower extremity running injuries can range anywhere from 19% to 79%. This variation is largely a product of the multifactorial (and incompletely elucidated) etiology of running-related injuries (RRIs), which have been associated with diverse variables, including older age, higher body mass index (BMI), previous musculo-skeletal complaints unrelated to sports, and lack of running experience, among others (Buist et al., 2010a; Buist et al., 2010b; Gijon-Nogueron et al., 2015; Kluitenberg et al., 2015; Saragiotto et al., 2014a) . In this context, novice runners are a key subgroup, as they often take up the sport without any previous preparation or professional advice and are at significantly higher risk of RRIs than other, more experienced recreational runners (Videbaek et al., 2015) .
Among runners themselves, Saragiotto et al. (2014b) reported that foot posture is widely believed to be a risk factor that is directly related to injury. One of the most widely used methods to assess this variable is the Foot Posture Index (FPI) (Redmond et al., 2006a) , which has revealed strong associations with sports-related foot injuries (Neal et al., 2014; Tong and Kong, 2013a) . Research specific to running has shown that the musculature of the leg and foot is subject to a process of fatigue, generating changes in posture over the course of the run (Escamilla-Martínez et al., 2013) . Although foot pronation is thought to be a risk factor for injury (Hreljac, 2005) , and different authors have suggested that footwear based on the runner's foot type could be an effective prevention measure (Gojanovic, 2013; Richards et al., 2009) Malisoux et al. (2016) reported that runners classified as having pronated feet on the FPI were at higher risk for injury when using neutral shoes than runners with neutral feet. In contrast, Gojanovic (2013) concluded that foot pronation was not associated with increased injury risk in novice runners wearing a neutral shoe.
RRIs have considerable physical and psychological impacts (Von Rosen, 2017) , and they may lead to a temporary or permanent suspension of physical activity. Moreover, they often incur important medical costs, estimated at EUR 1300 per injury, as well as indirect costs due to work absenteeism (Hespanhol Junior et al., 2012) . Thus, developing effective preventive interventions is a priority, but this requires knowledge of the incidence, etiology, mechanisms of injury (van Mechelen et al., 1992) , and risk factors that predispose individuals to injury . The increasing numbers of runners, the higher risk of RRI among beginners, and the controversy regarding the relationship between foot posture and RRIs led to the present study. Our aim was to assess the relationship between RRIs and foot posture in novice runners.
Methods

Study design, setting and participants
An observational, analytical nested case-control study was conducted in four different physiotherapy and podiatry clinics in Alicante (Spain). This study was approved by the ethical committee of the University Hospital of San Juan de Alicante, and all participants provided informed consent. This study was reported following the STROBE guidelines for reporting observational studies.
From January 2013 to January 2015, recreational runners who attended one of the clinics for any reason were offered a biomechanical assessment of gait and footprint. A database was created to store all the information acquired from 1150 runners visiting the physiotherapist.
In 2016 the principal investigator reviewed this database of runners and contacted with all those who met inclusion criteria by phone to ask them to use of their data in this study. Principal investigator obtained the informed consent of those runners who accepted to participate in the study, and asked for any information that was required to include in the study. Inclusion criteria were: aged 30-50 years, novice runner, body mass index (BMI) < 28 kg/m 2 , running 2-3 days/week, and using neutral running shoes. Exclusion criteria were: previous or current status as a professional athlete in any sporting discipline, previous surgery on lower limbs, previous injury on lower limb leaving sequalae, and use of tailor-made insoles. We defined novice runners as those who had not been running on a regular basis the previous year, according to the definition used by Buist et al. (2008) . We included a total of 600 study participants, who were classified into cases (N = 300) or controls (N = 300). Cases were patients who met the inclusion criteria and presented in the clinic with an RRI. Controls were defined as patients who met the inclusion criteria and attended the clinic without any musculoskeletal injury on a lower limb, who had presented at the clinic for another injury on an upper limb or to undergo a study of their foot strike pattern to prevent injury and find out their foot type. We used the definition proposed by Yamato et al. (2015) to define RRI, that is, a running-related (training or competition) musculoskeletal pain in the lower limbs that causes a restriction or suspension running activity (distance, speed, duration, or training) for at least seven days or three consecutive scheduled training sessions, or which requires the runner to consult a physician or other health professional.
Study variables
We extracted the following study variables from the initial database: age, sex, height, weight, running surface (asphalt, dirt, both), usual distance for competition (< 10 km, 10-22 km, > 22 km), experience running (months), average time spent on each run, usual pace (min/ km), number of days/week spent training, average distance run each week, number of races per year, use of more than one pair of running shoes, and average cost of running shoes. If any data were missing, we collected the information during the phone call for study inclusion.
A podiatrist assessed foot posture during the biomechanical assessment of gait and footprint, based on the six-item criterion reference tool (FPI) (Redmond et al., 2006b; Redmond et al., 2008) . The FPI consists of six validated, criterion-based observations of the rearfoot and forefoot of a person standing in a relaxed position. The rearfoot was assessed via palpation of the head of the talus, observation of the curves above and below the lateral malleoli, and evaluation of the extent of the inversion/eversion of the calcaneus. The observations of the forefoot consist of assessing the bulge in the region of the talo-navicular joint, the congruence of the medial longitudinal arch and the extent of abduction/adduction of the forefoot on the rearfoot (Tweed et al., 2008) . We recorded the posture of a single foot. In the control group, we chose the foot presenting with the FPI score furthest from normal. In the cases, we chose the foot from the injured limb. We divided participants according to their FPI values for the included foot, using a five-category FPI classification. For the five-category analysis, the cut points were −12 to −5 (highly supinated), −4 to −1 (supinated), 0 to 5 (neutral), 6 to 9 (pronated), and 10 to 12 (highly pronated). The results were collected in the initial database.
Selection bias may occur when control participants are not representative of the population that produced the cases. In the present study both cases and controls were recruited from the same setting; they have similar characteristics, and controls can suffer a RRI in the future.
Estimating a 26% prevalence of exposure (supinated or pronated foot posture) in controls (Saragiotto et al., 2014a) , a significance level of P = 0.05 and a power of 80%, we calculated a sample size of 260 participants per group, using a design with a balanced case-control ratio of 1:1. Anticipating a dropout rate of 15% (40 participants), two groups of 300 participants each (a total of 600 participants) were needed. One control per RRI case was randomly selected from the control population.
Statistical analysis
We performed a descriptive analysis of the control and case groups, calculating absolute and relative frequencies for categorical variables and comparing them by means of the Chi 2 test. We also calculated the minimum, maximum, mean and standard deviation (SD) values for quantitative variables using the Student's t-test. To estimate the magnitude of association between the RRI and the presence of exposure and other explanatory variables, we performed a simple logistic regression for each variable. We then fit a multivariable regression model, selecting variables to be included using a manual step-by-step procedure, based on the Akaike Information Criterion (AIC), and calculating goodness of fit and predictive indicators. We then estimated the adjusted odds ratio (OR) of the lesion along with the 95% confidence interval (CI). All analyses were undertaken using SPSS v.18 statistical software.
Results
Overall, there were more men than women in the study population (429/600, 71.5%), and participants' mean age was 38.6 years (SD6.8). Table 1 shows the anthropometric and training-related characteristics of the two groups. The variables that presented a statistically significant difference between cases and controls in univariable analysis (P < 0.05) were: BMI, running surface, use of more than one pair of shoes, and months of running experience. The mean time of running experience was higher in controls than in cases (7.4 [SD 3.2] months vs Clinical Biomechanics 61 (2019) 217-221 6.9 [SD 2.9] months). Table 2 presents the proportion of cases and controls according to FPI classification. We detected a significant association between foot posture and incidence of RRI, with a greater proportion of the supinated feet (60.0%), highly supinated feet (96.3%), pronated feet (60.8%) and highly pronated feet (86.6%) presenting in cases and a greater proportion of patients with normal FPI (74.9%) among controls (P < 0.001).
In the multivariable analysis, significant associations between RRI and selected variables included FPI categories, running surface, and BMI. Our regression model with FPI (Table 3) showed that high supination was associated with 76.8 times higher odds of injury than a neutral FPI score. High pronation was associated with 20.0-fold higher odds of injury than a neutral foot posture. For each point increase in BMI, the risk of injury rose by 15.9%. The model showed an acceptable predictive capacity, with an area under the ROC curve (AUC) of 0.7753, and good fit with the data (Chi 2 test 166.68; P < 0.001).
Discussion
Our findings show a significant association between the occurrence of RRI and the presence of a supinated or pronated foot, which was associated with high and significant risks compared to feet with a neutral standing position. Other variables with significant associations were the running surface, the use of more than one pair of shoes, BMI, and prior running experience.
The literature describes disparate results regarding the association of foot posture with RRIs. It is important to keep in mind the difficulty of comparing studies on prevalence or risk of RRIs due to the lack of consensus around a definition for RRIs. Tweed et al. (2008) and Ryan et al. (2009) found that pronation was significantly associated with tibial stress syndrome and Achilles tendinopathy. Systematic reviews have also reported strong evidence of an association between nonneutral foot types and lower extremity injuries, although the magnitude of effect seems to be low (Neal et al., 2014; Tong and Kong, 2013b) . For Burns et al. (2005) , triathletes with a supinated foot posture had four times greater risk of injury due to overuse during competition season. Neal et al. (2014) suggested that the evaluation of static foot posture should be included in a multifactorial assessment for medial tibial stress syndrome and patellofemoral pain, although only as a part of the potential injury risk profile. Authors who did not observe significant associations between foot posture and RRIs include Ramskov et al. (2013) , who concluded that static foot posture as quantified by FPI did not seem to affect the risk of injury among novice runners. However, these results should be interpreted with caution due to a small sample size and the low count in the supinated and highly pronated groups compared to the neutral foot posture group. Other authors found similar results (Gojanovic, 2013) . One clear area of consensus was on the need for further studies to determine the relationship between RRIs and dynamic foot function.
In general, previous findings are in line with the results of the present study, which show that in novice runners, a highly supinated foot according to the 5-category FPI is associated with the highest risk of RRI compared to a neutral foot. Moderate supination and pronation were associated with a similarly increased risk of RRI compared to a neutral foot.
Other potential confounders that were measured in the present study showed a statistically significant association with RRI. Compared with runners without RRI (control group), we observed that a significantly higher proportion of runners with RRI (case group) used asphalt as a running surface (P = 0.003). This result is consistent with studies by Tessutti et al. (2012 Tessutti et al. ( , 2010 , which characterized asphalt as the surface with the greatest contact time, the highest peak pressure and the highest pressure-time integral. Running on asphalt may increase the total stress on the musculoskeletal system compared with other sufaces, causing the most overload (Dixon et al., 2000; Tessutti et al., 2012) . In our study, we also observed that there were more runners who used a single pair of shoes for training in the case group compared to the control group. This result is consistent with Malisoux et al. (2015) BMI was another statistically significant factor for the risk of injury. For each point increase in BMI, risk of injury rose by nearly 16%. Nielsen et al. (2013) also reported a higher risk of injury for A. Pérez-Morcillo et al. Clinical Biomechanics 61 (2019) 217-221 people with a BMI of > 30 kg/m 2 and a protective effect associated with a BMI of < 20 kg/m 2 ; in fact, these findings prompted us to use high BMI (≥28 kg/m 2 ) as an exclusion criterion. Thus, our data has to be interpreted taking into account the BMI parameters we used in the study; the positive correlation we found for risk of injury and BMI applies up to BMI of 28 kg/m 2 . More consensus exists in terms of the impact of running experience on the risk of injury, with novice runners at greater risk than their more experienced counterparts (Buist et al., 2010b; Hespanhol Junior et al., 2012) . Although in our study all of the participants had fewer than 12 months of experience, the control group had an average of 7.4 months of experience, compared to 6.9 months in the case group; this difference was statistically significant.
One of the variables most commonly identified as a risk factor for injury in runners was previous injury. In the definition of injury proposed by Yamato et al. (2015) the authors recommended that in retrospective studies, investigators should determine whether participants suffered an injury over the previous six months. In light of this recommendation, one or our exclusion criteria was a recent (< 1 year) lesion in a lower limb.
This study has some limitations. First, there were few runners with highly supinated foot posture in the control group; results for this subgroup should be interpreted with caution, and further research is needed on runners with this foot type. Another potential limitation could be that some explanatory variables are self-reported; however, both the identification of the injury and the foot posture were analyzed objectively in each participant. In addition, the missing data were collected at the time of inclusion, putting some data at risk for recall bias. On the other hand, one strength of this study is the use of the Yamato et al. (2015) definition of RRI, which was proposed as a standard for the field, enabling future comparisons with other studies. Future research should likewise use the standardized definition of RRI. Despite the inherent bias involved in case-control studies, this study allowed analysis of a large number of cases and multiple exposures.
Conclusions
We observed a significant association between foot posture (according to the FPI) and the occurrence of an RRI, where highly supinated and pronated feet were associated with more RRIs in novice runners. In addition, the type of running surface, the use of more than one pair of running shoes, previous running experience and BMI might be associated with the presence of RRI in novice runners. If these associations are confirmed in large prospective studies, running programs for beginners should consider the role of foot posture measured by the FPI in order to prevent injuries. Individualized program of muscle strength for each runner might avoid overuse injuries caused by the foot posture and which may lead the runner to stop the sport activity or even leave running.
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